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−0.44 (CDF [5] ); they correspond to an average value of a J/ψ = 0.51 ± 0.18. On the other hand, the SM prediction is
corresponding to 0.59 ≤ sin (2β) ≤ 0.82, which is certainly outside the 1σ Babar range but not outside the world average. This potential discrepancy is at the origin of several papers [6] studying the implications of a small a J/ψ in the search of new physics.
In this paper, we analyze the implications of this situation for a realistic model, obtained with the only addition of an isosinglet down vector-like quark [7] to the SM spectrum. This model naturally arises, for instance, as the low-energy limit of an E 6 grand unified theory. At a more phenomenological level, models with isosinglet quarks provide the simplest self-consistent framework to study deviations of 3 × 3 unitarity of the CKM matrix as well as flavor-changing neutral currents ( FCNC ) at tree level. In the rest of the paper, we update the strong lowenergy constraints on the tree-level FCNC couplings, we show that a low CP asymmetry in B → J/ψ K S can be easily accommodated within the model, and we point out other observables, correlated with a low CP asymmetry, which clearly deviate from their SM values.
The model we discuss has been thoroughly described in Ref. [7] . The presence of an additional down quark implies a 4 × 4 matrix,
, diagonalizing the down quark mass matrix. For our purpose, the relevant information for the low-energy physics is encoded in this extended mixing matrix. The charged currents are unchanged except that V CKM is now the 3×4 upper submatrix of V . However, the distinctive feature of this model is that FCNC enter the neutral current Lagrangian of the left-handed down quarks:
where U ds , U bs or U bd = −V * 4b V 4d = 0 would signal new physics and the presence of FCNC at tree level. In order to fully include all the correlations in the analysis below, we use the following parametrization [1] for the mixing matrix V :
where V SM CKM (θ 12 , θ 13 , θ 23 , φ 1 ) is 4 × 4 block diagonal matrix composed of the standard CKM [8, 9] and a 1 × 1 identity in the (4, 4) element, and R ij (θ ij , φ k ) is a complex rotation between the i and j "families". Note that, in the limit of small new angles, we follow the usual phase conventions.
Charged-current tree-level decays are not affected by new physics at leading order; we therefore use the PDG constraints [9] for |V ud |, |V us |, |V cd |, |V cs |, |V cb | and |V ub | / |V cb |. Another constraint [10, 11, 7] comes from the SU (2) L coupling of the Z 0 to bb. In the SM, this coupling
095. This bound is indeed very important, because from unitarity it sets the maximum value for any off-diagonal element in the fourth row and column of V .
The next set of constraints involves FCNC processes where new physics tree-level diagrams compete with the GIM-suppressed one-loop SM diagrams. Let us start with the kaon sector. Here we have Br (K L → µµ) SD and ε ′ /ε, that are, as shown in Ref. [12] , the relevant constraints to restrict U ds . For Br (K L → µµ) SD we have used the equations and bounds of Ref. [12] , which agree with the long distance contribution in [13] ,
where
ia V ib and Y 0 is the Inami-Lim function [14] defined in [15] . The calculation of ε ′ /ε is more unsettled, so we have used the equations of Ref. [12] , but with two different hadronic inputs in the parameter B :
The first analysis uses B
(1/2) 6 = 1 ± 0.2 as in Refs. [12, 16] , and this tends to favor the presence of new physics in U ds . The second one uses B
(1/2) 6 = 1.3 ± 0.5 in order to incorporate the predictions of Refs. [17, 18] , where inclusion of the correction from final-state interactions tends to favor the SM range. Other parameters are taken as in [12] . Once these two bounds are imposed, the theoretically cleaner bound from K + → π + νν is not relevant [12, 19] . For ε K , the leading-order expression is [20] :
where S 0 is another Inami-Lim function [15] . The QCD corrections are incorporated as in [12] . Contrary to Ref. [12] , the coefficient Y 0 (x) of the linear term in U ds is characteristic of the present model, therefore the irrelevance of ε K to constraint U ds is not fully guaranteed. On average, once ε K is irrelevant to constrain U ds , the contribution to ε K is very similar to the SM one. Therefore, it is natural to expect some impact on the unitarity triangle fit, i.e. in the SM CP-violating phase φ 1 . More precisely, in the SM the constraint from ε K selects only positive values of η and hence constrains β to be in the range 0 ≤ β ≤ π/2. In this model, the new contributions modify slightly this picture, but they still fix a minimal value of β. This constraint is new with respect to the analysis presented in [21] . In the B sector, the relevant constraints come from , ∆M B d , ∆M Bs and B → Xl + l − . For ∆M Bj we have [20] 
where the new parameters are defined in Ref. [15] 
Note that the SM prediction is much below the actual experimental bound; therefore, in order to constrain U bs it is enough to include the leading SM contribution (the one with Y 0 (x t )), the leading new physics one, and their interference. Other subleading pieces [15] have been neglected in Eq. (8) . For completeness, we recall that the bound
neglecting the SM contribution. Nevertheless, this bound is not relevant once the constraint from ∆M B d is included.
To find the allowed region in the 9-dimensional parameter space of the matrix V , we impose the 95% C.L. experimental constraints and we treat hadronic uncertainties as independent theoretical errors at 1σ. The important quantities to signal new physics in these models are the FCNC couplings U ds , U bd and U bs . In a first analysis we leave aside the a J/ψ constraint.
Taking B
(1/2) 6 = 1.3 ± 0.5 (the case where the SM calculation includes the experimental result of ε ′ /ε), we get an approximate rectangular region in the plane U ds : −3 × 10 −6 < ∼ Re (U ds ) < ∼ 4 × 10 −6 and −1.7 × 10 −6 < ∼ Im (U ds ) < ∼ 5.5 × 10 −6 . These bounds turn to be a factor 2 better than the bounds usually quoted in the literature, because of the inclusion of all the different correlations by using a complete parametrization for V . For such small values of U ds , the ε K expression is similar to the SM one, and hence a bound on γ ≃ φ 1 , the SM CPviolating phase, is also obtained. In order to fulfill the ε K constraint, we get 0.6 < ∼ φ 1 < ∼ 3. Moreover, with the help of the unitarity quadrangle [24] , including the general bound on U bd , we get also −0.06 < ∼ β < ∼ 0.6, a bigger range than in the SM model but in any case essentially positive [21] . Notice that for low U bd , the correlation between β and φ 1 is similar to the usual one in the SM analysis of the unitarity triangle. In Fig. 1 , , we present a complete scatter plot for U bd and U bs varying all the angles and phases in their allowed ranges and imposing all the constraints discussed above. As we can see in the U bd plot, we obtain |U bd | ≤ 1.2 × 10 −3 , which is controlled by the ∆M B d upper bound [24, 25] . To set a reference scale, we include in the figure the circle corresponding to the B → X d l + l − bound which, noticeably, is only a factor √ 2 above the final upper bound. In the U bs plane, the lower bound on ∆M Bs does not fix an upper value for |U bs |, and this is controlled by the curve from Eq. (8), i.e. B → X s l + l − is the relevant bound, which roughly fixes |U bs | ≤ 2 × 10 −3 .
If we use B
(1/2) 6 = 1 ± 0.2 to perform the analysis, no relevant changes appear in Fig. 1 , that is, at this level the bounds on U bs and U bd are not modified. Of course, the rectangle in the U ds plane changes its imaginary region to 1.9 × 10 −7 < ∼ Im (U ds ) < ∼ 6.2 × 10 −6 , indicating the need of new physics for ε ′ /ε. In this model, the B 0 → J/ψ K s CP asymmetry, a J/ψ , is given by
In order to illustrate the effects of a low a J/ψ value, we have incorporated to the previous analysis the Babar range: 0.14 < ∼ a J/ψ < ∼ 0.54. Figure 2 shows the corresponding scatter plot for the U bd and U bs planes. It is important to emphasize that these plots are directly obtained from Fig. 1 , with the only additional requirement of the Babar asymmetry, that is, these points are only a subset of the allowed region in Fig. 1 . Therefore, we can see here the very strong impact of this asymmetry both in the U bd and U bs couplings [21] . From Fig. 2 we see that, in the U bd plane, the great majority of the allowed points are in the range 2 × 10
e. a large, non-vanishing U bd coupling is required to reproduce the Babar asymmetry. In particular, this means that, within this model, a low CP asymmetry implies the presence of new physics in the B system, independently of the existence of non-vanishing contributions to the K system (U sd = 0). Concerning this, we must remember that, in principle, a low CP asymmetry could also be due to a large new contribution in kaon physics with a negligible contribution to the B system [6] (see, in particular, the last two references in [6] for an example of this). However, as we have seen, in this model, the ε K constraint does not depart largely from the SM situation, and so, only a large U bd coupling can produce the required effect. Indeed, models with additional vectorlike quarks constitute the simplest extensions of the SM which modify strongly the B 0 CP asymmetries through a new contribution in the B system.
On the other hand, we see that, for these points, the coupling U bs is always restricted to the range |U bs | < ∼ 2×10 −4 ; hence all the allowed points have simultaneously high |U bd | and low |U bs |. Indeed, it is easy to obtain, from Eq. (2), the relation U bd U * bs = −U sd |V 4b | 2 . The region in the U ds plane does not change with the inclusion of the a J/ψ constraint, and then we still have, |U sd | < ∼ 6 × 10 −6 and |V 4b | 2 < ∼ 0.009. Taking into account that a low a J/ψ requires |U bd | ≥ 2 × 10 −4 , this clearly implies an absolute upper bound, |U bs | < ∼ 3 × 10 −4 , that turns to be < ∼ 10 −4 when all the correlations are included. Therefore, for this set of points, we can not expect a new-physics contribution in the b → s transition. It is important to emphasize, once more, that these results are independent of the existence of sizeable effects in the kaon system and, in particular of the chosen value for B
(1/2) 6 . At this point, it is very interesting to examine the predicted branching ratios of the decays B → X d,s ll for this set of points. From Fig. 2 , where we have included the circle corresponding to the experimental bounds in these decays, it is clear that we can also expect a very large contribution to B → X d ll. In this case, the branching ratios for the X d decays are strongly enhanced from the SM prediction, reaching values of 1.0 × 10
. While, on the other hand, the low values of U bs imply that the X s decays remain roughly at the SM value.
In Figure 2 , we also find a few points (≃ 0.1% of the points) which have simultaneously |U bs | > ∼ 1 × 10 −3 and |U bd | < ∼ 3 × 10 −5 . This second class of points is only possible in the vicinity of the SM and they disappear if the value of the asymmetry is reduced to a J/ψ < ∼ 0.52. Still, it is important to emphasize that these points also require the presence of new physics in B decays. In fact, although there is no sizeable departure from the SM expectations in B → X d ll, the X s decays are now close to the experimental upper range. Namely, we obtain, for the point to the right of Fig. 2 , with
to be compared with the experimental upper bounds of
However, this possibility is marginal in the 1σ Babar range, and we do not discuss it any further here.
If the analysis is made with the world average, the U bs scatter plot is very similar to the one of Fig. 1 . The U bd plot changes significantly from Fig. 1 . The outer regions in the second and fourth quadrants are reduced and the central region corresponding to the SM remains filled; this situation represents an improved version of the analysis presented in Ref. [21] .
We have to conclude that, in the context of models with vector-like singlet quarks, a low value of a J/ψ < ∼ 0.5 implies the presence of FCNC in the b → d transition and its absence in b → s transitions. This is completely independent of the presence or absence of sizeable newphysics contributions in the kaon system. More importantly, an additional and clean signature of this scenario would be a rather high value for the branching ratios of the tree-level dominated rare decays: B → X d l 
